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Fig. 2
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Fig. 9

|
(A} }

b
\
"
'I
3
\

Engine speed

Gain K
(B}

%
5
%
A
i
3
L-n iumﬂﬂﬂﬂﬁﬂﬁwwliihiww
L

Fuel injection amount



U.S. Patent Oct. 16, 2012 Sheet 5 of 6 US 8.286,420 B2

Fig. ©

Exhaust gas
e e

Exhaust gas
o




US 8,286,420 B2

Sheet 6 of 6

Oct. 16, 2012

U.S. Patent

.

hunows uonpenunooe | |

..............................................

1OSEM

e [3830€1S BLBGUT

_._ SNSSEI
; — (RUBIBYD Py
4l |

gl m

e i e e

anen 45T 0 aaufap Buadp
- SAIEA BIN0IYL jo aaibsp Duwadn
junouie uouossiut 1eni 1sbieg

- (dew uonewnsa)

|ISpoW S18.
o} seb isneyx3 |

eRUB.OYID 340 158 Moy
seh 1sneyx !

o IVES LD

s
5
i3 (dew uoneunsy) fe—— 0121 Moy S8 18NBUX
| unowe uondwnsuos eny 1 jepows inowe | DIMBISAWS] 1SN0 Ad(]
_ JO BIUEA POJBIDSIU] bt | g S L uonruabel Nd i simeadus) 191 440

O[OS
oo juchesausbal

; aAjEA MO j0 saubap Bulued(
Wa PHEWEST | e LOHBLNSS UNOLWEe i

(dew uoneumssy) |
oo SABA S04 10 sasbop Buuadn

JPROUL JUNOWE UNowe uonosiul eny 1elue]

LHNOWE L oissius pd

 UDISSILER PNd

LR
L W

pasds aubug

el} ey}

2



US 8,286,420 B2

1

DPF ACCUMULATION AMOUNT
ESTIMATING APPARATUS

TECHNICAL FIELD

The present invention relates to a DPF accumulation

amount estimating apparatus which estimates an accumula-
tion amount 1n a DPF. The DPF accumulation amount esti-
mating apparatus 1s used with a regenerating device of a DPF
(diesel particulate filter) of a diesel engine, and provided with
a DPF (diesel particulate filter) for removing PM (particulates
(particulate matters)) 1n an exhaust gas, the DPF being
installed 1n an exhaust passage connected to an exhaust port.

BACKGROUND ART

In a diesel engine provided with a DPF (diesel particulate
filter) for removing particulates (particulate matters (herein-
alter referred to as PM)) 1n an exhaust gas ol the diesel engine,
the DPF comes 1n two types, namely, a metal type and a
ceramic type. The metal type 1s easy to handle, but has a low
PM trapping etliciency of 350% to 60%. Meanwhile, the
ceramic type has a high trapping efficiency of 90% or more,
but tends to allow PM to easily accumulate in the DPF, requir-
ing PM be forcibly burmnt.

In the future, a PM regulation value 1s expected to be
stricter, so that the ceramic type with high trapping etficiency
1s considered to be the mainstream. To regenerate the DPF, 1t
will be essential to accurately estimate a PM accumulation
amount on the basis of the operation history of an engine or a
condition of the DPF.

FIG. 6 15 a longitudinal sectional diagram of a typical DPF
apparatus. In FIG. 6, reference numeral 13 denotes an exhaust
pipe in communication with an exhaust port of an engine (not
shown), and reference numeral 50 denotes the DPF apparatus
connected to the exhaust pipe 13. The DPF apparatus 50
includes a DPF 1 accommodated 1n a DPF main unit 2 and a
pre-stage oxidation catalyst 3 1nstalled on the upstream side
of the DPF 1.

The exhaust gas from the engine passes through an inlet
chamber 4 from the exhaust pipe 13 and reaches the pre-stage
oxidation catalyst 3, and then the exhaust gas 1s oxidized by
the pre-stage oxidation catalyst 3. The oxidative heat gener-
ated at that time causes the DPF 1 to rise to 600° C. to 650° C.
to burn the PM built up 1n the DPF 1, and the combustion gas
1s exhausted to the outside through an outlet chamber 5.

Referring to FIG. 6, P1 denotes an inlet pressure of the DPF
1, T1 denotes an 1inlet temperature of the DPF 1, P2 denotes an
outlet pressure of the DPF 1, and T2 denotes an outlet tem-
perature of the DPF 1.

FI1G. 7 1s a block diagram of the estimation of a PM accu-
mulation amount 1n a regeneration controller of a convention-
ally used DPF.

In the figure, the value of an engine PM emission amount
schematically calculated as a model value has been set 1n a
PM emission amount model 11 1n the form of an estimation
map, the value being schematically calculated on the basis of
the engine speed, a target fuel imjection amount, and the
opening degree of a throttle valve of an engine, and also the

opening degree of an EGR valve, which controls the amount
of EGR, 11 the engine 1s an EGR (exhaust gas recirculation)
type engine.

Further, the value of a PM regeneration amount in the DPF
1 schematically calculated as a model value on the basis of an
actually measured value 11 of the inlet temperature 11 of the

10

15

20

25

30

35

40

45

50

55

60

65

2

DPF 1 and an outlet temperature T2 of the DPF 1 has been set
in the PM regeneration amount model 12 in the form of an
estimation map.

Then, the PM regeneration amount model 12 1s subtracted
from the PM emission amount model 11 to determine an
estimated PM amount estimation logic 14a.

Meanwhile, the value of an exhaust gas flow rate schemati-
cally calculated as a model value has been set 1n an exhaust
gas flow rate model 13 1n the form of an estimation map, the
value being calculated on the basis of the engine speed, a
target fuel ijection amount, and the opening degree of a
throttle valve of an engine, and also the opening degree of the
EGR valve, which controls the amount of EGR, 1f the engine
1s the EGR type engine.

Further, as the detection value of a differential pressure of
the DPF 1, the differential pressure between the outlet pres-
sure P2 of'the DPF 1 and the inlet pressure P1 of the DPF 1 has
been calculated as the DPF differential pressure.

Further, the DPF differential pressure schematically calcu-
lated as a model value by the exhaust gas tlow rate model 13
and the DPF differential pressure 1s set as a DPF differential
pressure model 15 1n the form of an estimation map.

Thus, 1n a PM accumulation amount estimator 17a, the
estimated PM accumulation amount, which 1s the total
amount of PM, 1s determined by the PM accumulation
amount estimation logic 14a, which has been estimated, and
the DPF differential pressure model 15.

Further, the integrated value of the fuel 1njection amount
calculated on the basis of the engine speed and the target tuel
injection amount of the engine, and time by a fuel consump-
tion amount mtegrating meter 16, 1s stored in the PM accu-
mulation amount estimator 17a.

As described above, according to the prior art, 11 the three
set estimation e¢lements, namely, the PM accumulation
amount estimation logic 14a, the DPF differential pressure
model 15, and the fuel consumption amount integrating meter
16, exceed reference upper limit values of accumulation
amount, then 1t means that the PM accumulation amount has
reached the limait thereof.

Further, according to the one disclosed 1n Patent Document
1 (Japanese Patent Application Laid-Open No. 2004-
197722), a first PM accumulation amount PM1 1s estimated
on the basis of a differential pressure before and after a DPFE,
a PM emission amount 1s integrated to calculate a second PM
accumulation amount PM2, and the PM1 or the PM2, which-
ever 1s larger 1s adopted as the PM accumulation amount
which should be the final estimated value.

In the DPF accumulation amount estimating apparatus
illustrated in FI1G. 7, as described above, the three estimation
clements, namely, the set PM accumulation amount estima-
tion logic 14a, the DPF differential pressure model 15, and
the fuel consumption amount integrating meter 16, are inde-
pendently constructed, and if the accumulation amount upper
limits on which the aforesaid three elements are based are
exceeded, then it means that the PM accumulation amount
has reached the limit thereof.

For this reason, 1f an actual PM emission amount exceeds
the aforesaid estimation elements, then the estimated PM
amount output by the PM accumulation amount estimation
logic 14a will signmificantly deviate from an actual accumula-
tion amount as time elapses, and present a problem especially
if the actual accumulation amount becomes the estimated PM
amount or more.

Further, 1n the DPF accumulation amount estimating appa-
ratus illustrated 1n FI1G. 7, the DPF differential pressure model
15 1s considerably influenced by an exhaust gas tlow rate, so
that the exhaust gas flow rate need to be introduced 1nto an
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estimation model. However, 1t 1s difficult to measure the
relationship among the DPF differential pressure, the exhaust
gas flow rate, and the PM accumulation amount over the
entire engine operation range with high accuracy. Hence,
depending on the operating condition of an engine, the esti-
mation accuracy of the DPF differential pressure model 15
may deteriorate.

Especially in the case where the operating condition of an
engine significantly changes or 1n an operating condition of a
low load, the PM accumulation amount estimated from the
PM accumulation amount estimation logic 14a and the DPF
differential pressure model 15 may deviate from an actual
accumulation amount.

DISCLOSURE OF INVENTION

In view of the problems with the prior art described above,
an object of the present invention 1s to provide a DPF accu-
mulation amount estimating apparatus which uses an inte-
grated PM accumulation amount estimation logic combining
the difference between an engine PM emission amount and a
PM regeneration amount and a DPF differential pressure
model, thereby achieving improved estimation accuracy with

mimmized influences of changes 1n an exhaust gas tlow rate
and the like.

To this end, according to the present invention, there 1s
provided a DPF accumulation amount estimating apparatus
for estimating the accumulation amount 1n a DPF (diesel
particulate filter) provided therewith for removing PM (par-
ticulate (particulate matter)) in an exhaust gas, the DPF being
installed 1n an exhaust passage connected to an exhaust port,
the DPF accumulation amount estimating apparatus includ-
ing a PM emission amount model 1n which a PM emission
amount 1s set on the basis of the operating condition of an
engine, a PM regeneration amount model 1n which a PM
regeneration amount 1s set on the basis of the temperature
difference between an outlet temperature and an inlet tem-
perature of the DPF, and a DPF differential pressure model in
which a PM accumulation amount 1s set on the basis of a
differential pressure between an exhaust gas tlow rate and the
DPF, wherein the emission amount from the PM emission
amount model, the regeneration amount from the PM regen-
eration amount model, and a corrected PM accumulation
amount, which has been obtained by correcting the estimated
value of the PM accumulation amount from the DPF differ-
ential pressure model by using a coetlicient K determined on
the basis of an engine speed and an engine fuel 1mjection
amount, are used to calculate an estimated PM accumulation
amount of the DPF.

The 1nvention described above 1s characterized 1n that the
corrected PM accumulation amount 1s calculated by multi-
plying the estimation error between the estimated value of the
PM accumulation amount from the DPF differential pressure
model and the estimated PM accumulation amount by the
aforesaid K, and the estimated PM accumulation amount 1s
calculated by adding the corrected PM accumulation amount
to the value obtained by subtracting the regeneration amount
from the PM regeneration amount model from the emission
amount from the PM emission amount model.

Further, the coetlicient 1s preferably set as follows:

(1) The coetlicient K 1s determined such that 1t increases as
an engine speed and the fuel injection amount of the engine
increase when the engine speed and the fuel injection amount
of the engine are predetermined values or more.

(2) The coetlicient K 1s set to zero when changes 1n the
engine speed and the fuel mnjection amount of the engine are
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4

predetermined values or more, and the estimated value of the
PM accumulation amount from the DPF differential pressure
model 1s not corrected.

According to the present invention, the DPF accumulation
amount estimating apparatus has a PM emission amount
model 1n which a PM emission amount 1s set on the basis of
the operating condition of an engine, a PM regeneration
amount model in which a PM regeneration amount 1s set on
the basis of the temperature difference between an outlet
temperature and an inlet temperature of the DPF, and a DPF
differential pressure model in which a PM accumulation
amount 1s set on the basis of the differential pressure between
an exhaust gas tlow rate and the DPE, wherein the emission
amount from the PM emission amount model, the regenera-
tion amount from the PM regeneration amount model, and the
corrected PM accumulation amount, which has been obtained
by correcting the estimated value of the PM accumulation
amount from the DPF differential pressure model by using a
coellicient K determined on the basis of an engine speed and
an engine fuel imjection amount are used to calculate an
estimated PM accumulation amount of the DPF. Therefore,
even 1if a PM emission amount map and a PM regeneration
amount map contain errors, the errors are corrected by an
estimated value from the DPF differential pressure model,
thus leading to an improved accuracy for estimating the PM
accumulation amount.

This arrangement restrains an estimated PM amount from
significantly deviating from an actual PM accumulation
amount.

Further, the corrected amount of the PM accumulation
amount 1s calculated by multiplying the estimation error
between the estimated value of the PM accumulation amount
from the DPF differential pressure model and the estimated
PM accumulation amount by the aforesaid K, and the esti-
mated PM accumulation amount 1s calculated by adding the
corrected PM accumulation amount to the value obtained by
subtracting the regeneration amount from the PM regenera-
tion amount model from the emission amount {from the PM
emission amount model. Thus, the coellicient K taking into
account terms including the engine speed and the fuel injec-
tion amount of the engine, which 1s an exhaust gas flow rate,
1s used to estimate the PM accumulation amount, so that the
influences of the exhaust gas flow rate are reduced with a
resultant higher estimation accuracy of the estimated PM
accumulation amount.

Further, the coetlicient K changes with the engine speed
and the fuel imjection amount of the engine, and the coetll-
cient K 1s determined such that 1t increases as the engine
speed and the fuel injection amount of the engine increase 11
the engine speed and the fuel 1njection amount of the engine
are predetermined values or more. Thus, setting the coelli-
cient K such that 1t increases with increasing engine speed and
fuel injection amount of the engine enhances the correction
based on an estimated amount from the DPF differential
pressure model 1n a range wherein the exhaust gas tlow rate of
the engine increases and the reliability of the DPF differential
pressure model 1s high. The estimated PM accumulation
amount based on the operating condition of the engine can be
corrected 1n the enhanced correction environment, resulting
in higher estimation accuracy for the estimated PM accumu-
lation amount.

Further, the coellicient K 1s set to zero when changes 1n the
engine speed and the fuel 1mnjection amount of the engine are
predetermined values or more, and no correction 1s carried
out on the estimated value of the PM accumulation amount
from the DPF differential pressure model. Hence, 1n the case
where changes in the engine speed and the fuel imjection

1
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amount of the engine are the predetermined values or more,
the exhaust gas flow rate also significantly changes, leading to
deteriorated reliability of the estimated PM accumulation
amount from the DPF differential pressure model. For this
reason, the estimation accuracy for the estimated PM accu-
mulation amount 1s improved by setting the coefficient K to
zero so as not to make any correction under such changes.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram providing an estimation block
diagram of a PM accumulation amount 1n a regeneration
controller of a DPF according to a first embodiment of the
present invention.

FIG. 2 1s an enlarged view of a PM accumulation amount
estimation logic 1n the first embodiment.

FIG. 3 1s an enlarged view of a PM accumulation amount
estimation logic 1n a second embodiment of the present inven-
tion.

FIG. 4 1s a control flowchart of an estimating apparatus of
a PM accumulation amount 1n the first embodiment.

FIGS. 5(A) and 5(B) present charts of a coellicient K 1n the
first embodiment.

FIG. 6 1s a longitudinal sectional diagram illustrating a
typical DPF apparatus.

FI1G. 7 1s a block diagram providing an estimation block
diagram of a PM accumulation amount in a regeneration
controller of a DPF according to a prior art.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L]

The following will explain the present invention 1n detail
by using embodiments illustrated 1n the accompanying draw-
ings. However, the dimensions, materials, shapes, relative
positions and the like of constituent components described in
the embodiments are not intended to limit the scope of the
present ivention thereto, but are merely exemplary unless
otherwise specified.

First Embodiment

FIG. 1 1s a block diagram of the estimation of a PM accu-
mulation amount 1n a regeneration controller of a DPF 1n
accordance with the present invention, and FIG. 2 1s an
enlarged view of PM accumulation amount estimation logic
14 1n FIG. 1. FIG. 6 1s a longitudinal sectional diagram of a
typical DPF apparatus.

In FIG. 6, retference numeral 13 denotes an exhaust pipe in
communication with an exhaust port of an engine (not
shown), and reference numeral 50 denotes a DPF apparatus
connected to the exhaust pipe 13. The DPF apparatus 50
includes a DPF 1 accommodated 1n a DPF main umit 2 and a
pre-stage oxidation catalyst 3 1nstalled on the upstream side
of the DPF 1.

An exhaust gas from the engine passes through an inlet
chamber 4 from the exhaust pipe 13 and reaches the pre-stage
oxidation catalyst 3 and the exhaust gas 1s oxidized by the
pre-stage oxidation catalyst 3. The oxidative heat generated at
that time causes the DPF 1 to rise to 600 to 6350° C. in
temperature to burn the PM built up in the DPF 1, and the

combustion gas 1s exhausted to the outside through an outlet
chamber 5.

Referring to FIG. 6, P1 denotes an inlet pressure of the DPF
1, T1 denotes an 1inlet temperature of the DPF 1, P2 denotes an
outlet pressure of the DPF 1, and T2 denotes an outlet tem-
perature of the DPF 1.
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6

The present invention relates to the estimating apparatus of
the PM accumulation amount of the DPF apparatus illustrated
in FIG. 6.

In FIG. 1, a value of an engine PM emission amount sche-
matically calculated as a model value on the basis of engine
speed, a target fuel 1njection amount, opening degree of a
throttle valve of the engine, and opening degree of an EGR
valve, which controls the amount of EGR, 11 the engine 1s an
EGR (exhaust gas recirculation) type engine, has been set 1n
a PM emission amount model 11 1n the form of an estimation
map.

Further, a value of a PM regeneration amount 1n the DPF 1
schematically calculated as a model value on the basis of an
actually measured value 11 of the inlet temperature T1 of the
DPF 1, an outlet temperature 12 of the DPF 1, and an exhaust
gas flow rate has been set 1n a PM regeneration amount model
12 1n the form of an estimation map.

Meanwhile, a value of a exhaust gas tflow rate schemati-
cally calculated as a model value on the basis of the engine
speed, the target fuel 1njection amount, the opening degree of
the throttle valve of the engine, and the opening degree of the
EGR valve 1t the engine 1s the EGR type engine, has been set
in an exhaust gas tlow rate model 13 1n the form of an esti-
mation map.

Further, as a detection value of differential pressure of the
DPF 1, the differential pressure between the outlet pressure
P2 of the DPF 1 and the inlet pressure P1 of the DPF 1 (refer
to FIG. 6) has been calculated as a DPF ditlerential pressure.

Further, the DPF differential pressure schematically calcu-
lated as a model value by the exhaust gas tlow rate model 13
and the DPF differential pressure 1s set as a DPF differential
pressure model 15 1n the form of an estimation map.

Further, 1n FIG. 2, a PM emission amount v from the PM
emission amount model 11, a PM regeneration amount w
from the PM regeneration amount model 12, and an estimated
PM accumulation amount yd from the DPF differential pres-
sure model 15 are mput to the PM accumulation amount
estimation logic 14.

In the PM accumulation amount estimation logic 14;

dx/dt=v—w+K(vd-v)

V=X

where X denotes the estimated value of the PM accumula-
tion amount.

Then, this x 1s replaced by y to calculate the estimated PM
accumulation amount (g).

Here, the coeflicient K 1s a coefficient determined on the
basis of an engine speed and a fuel mjection amount of an
engine, and K(yd-y), which 1s the corrected PM accumula-
tion amount which has been corrected using the coefficient K,
1s calculated.

The (yd-y) denotes an estimation error between the esti-
mated PM accumulation amount yd and an estimated PM
accumulation amount y from the DPF differential pressure
model 15, and the error difference 1s multiplied by the coet-
ficient K to calculate the corrected PM accumulation amount.

If the engine speed and the fuel injection amount of the
engine exceed predetermined values, then the corrected PM
accumulation amount 1s calculated by multiplying the esti-
mated error between the estimated value of the PM accumu-
lation amount and the estimated PM accumulation amount
from the DPF ditferential pressure model by the aforesaid K,
and the estimated PM accumulation amount is calculated by
adding the corrected PM accumulation amount to the value
obtained by subtracting the regeneration amount from the PM
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regeneration amount model from the emission amount from
the PM emission amount model.

Thus, the coetlicient K taking into account terms including
the engine speed and the fuel injection amount of the engine,
which 1s an exhaust gas flow rate, 1s used to estimate the PM
accumulation amount, so that the influences of an exhaust gas
flow rate are reduced, leading to a resultant higher estimation
accuracy of the estimated PM accumulation amount.

FI1G. 4 15 a control flowchart of the estimating apparatus of
the PM accumulation amount which 1s constructed as
described above.

In FIG. 4, the accumulation amount yd from a DPF differ-
ential pressure 1s estimated by the PM emission amount
model 11, the PM regeneration amount model 12, the exhaust
gas flow rate and the like (step (1)), and an adjustment gain
(coetlicient) K 1s determined by the aforesaid means (step
(2)).

Subsequently, the PM accumulation amount 1s estimated
(x—y) (step (3)) and 1 the PM accumulation amount exceeds

an upper limit value of the accumulation amount (step (4)),
then the DPF 1 1s forcibly regenerated (step (5)).

Second Embodiment

FIG. 3 1s a block diagram 1llustrating a second embodiment
of a PM accumulation amount estimation logic in a regenera-
tion controller of a DPF according to the second embodiment
of the present invention.

In the second embodiment, as 1llustrated in FIGS. 5(A) and
(B), the atoresaid K 1s determined such that 1t changes accord-
ing to the engine speed and the fuel 1njection amount of the
engine (14s 1 FIG. 3), increases with the engine speed, as
illustrated 1n FIG. S(A), and increases as the fuel injection
amount of the engine 1ncreases, as illustrated 1n FIG. 5(B).

With this arrangement, the coetlicient K increases as the
engine speed and the fuel injection amount of the engine
increase, and the estimated PM accumulation amount 1s
increased as the exhaust gas tlow rate of the engine increases,
thus making 1t possible to correct the estimated PM accumu-
lation amount according to the operating condition of the
engine. The result 1s an improved estimation accuracy of the
estimated PM accumulation amount.

Further, 1n the case where changes 1n the engine speed and
the fuel 1injection amount of the engine are predetermined
values or more, changes in an exhaust gas flow rate are large
accordingly, leading to deteriorated reliability of the esti-
mated PM accumulation amount from the DPF differential
pressure model. For this reason, under such changes, the
coellicient K 1s set to zero so as not to make any correction,
thereby improving the estimation accuracy of the estimated
PM accumulation amount.

Thus, according to the first and the second embodiments,
the PM accumulation amount 1s estimated 1n a hybrid manner
on the basis of the PM emission amount from the PM emis-
sion amount model 11 in which the PM emission amount 1s
set according to the operating condition of the engine, the
temperature difference between the outlet temperature and
the inlet temperature of the DPF, the PM regeneration amount
from the PM regeneration amount model 12 1n which the PM
regeneration amount 1s set according to an exhaust gas flow
rate, and a corrected PM accumulation amount obtained by
correcting an estimated value from the DPF differential pres-
sure model 15 by using the coellicient K determined on the
basis of the engine speed and the fuel 1njection amount of the
engine. Hence, even 1f the PM emission amount map 11 and
the PM regeneration amount map 12 contain errors, the errors
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are corrected by an estimated value from the DPF differential
pressure model, thus leading to an improved accuracy for
estimating the PM accumulation amount.

This arrangement restrains an estimated PM accumulation
amount from significantly deviating from an actual PM accu-
mulation amount.

INDUSTRIAL APPLICABILITY

According to the present invention, 1t 1s possible to provide
a DPF accumulation amount estimating apparatus with an
improved estimation accuracy which minimizes influences of
changes 1n an exhaust gas flow rate and the like by using an
integrated PM accumulation amount estimation logic which
combines the difference between an engine PM emission
amount and a PM regeneration amount and a DPF differential
pressure model.

The mvention claimed 1s:

1. A DPF accumulation amount estimating apparatus
which estimates an accumulation amount 1n a DPF (diesel
particulate filter) provided therewith for removing PM (par-
ticulates (particulate matters)) 1n an exhaust gas, the DPF
being installed 1n an exhaust passage connected to an exhaust
port, the DPF accumulation amount estimating apparatus
comprising: a PM emission amount model 1n which a PM
emission amount 1s set on the basis of an operating condition
of an engine; a PM regeneration amount model in which a PM
regeneration amount 1s set on the basis of the temperature
difference between an outlet temperature and an inlet tem-
perature of the DPF; and a DPF differential pressure model in
which a PM accumulation amount 1s set on the basis of a
differential pressure between an exhaust gas tlow rate and the
DPF, wherein the emission amount from the PM emission
amount model, the regeneration amount from the PM regen-
eration amount model, and a corrected PM accumulation
amount, which has been obtained by correcting the estimated
value of the PM accumulation amount from the DPF differ-
ential pressure model by using a coelficient K determined on
the basis of an engine speed and an engine fuel 1mjection
amount, are used to calculate an estimated PM accumulation
amount of the DPF.

2. The DPF accumulation amount estimating apparatus
according to claim 1, wherein the corrected PM accumulation
amount 1s calculated by multiplying the estimation error
between the estimated value of the PM accumulation amount
from the DPF differential pressure model and the estimated
PM accumulation amount by the K, and the estimated PM
accumulation amount 1s calculated by adding the corrected
PM accumulation amount to a value obtained by subtracting
a regeneration amount from the PM regeneration amount
model from an emission amount from the PM emission
amount model.

3. The DPF accumulation amount estimating apparatus
according to claim 1, wherein the coelficient K 1s determined
such that the coetlicient K increases as the engine speed and
the fuel 1njection amount of the engine increase 1n the case
where the engine speed and the fuel 1mnjection amount of the
engine are predetermined values or more.

4. The DPF accumulation amount estimating apparatus
according to claim 1, wherein the coellicient K 1s set to zero
in the case where changes 1n the engine speed and the fuel
injection amount of the engine are predetermined values or
more, and the estimated value of the PM accumulation
amount from the DPF differential pressure model 1s not cor-
rected.
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